A Fourier optics approach is used to explain both the fabrication and theory of operation of a scatterplate interferometer.
Introduction
The first observation of fringes in scattered light was by Newton.
He observed a series of colored rings centered about a small light source reflected by a back-silvered mirror whose front surface was dusted with a fine powder.
As described by DeWitte,1 the principles used to explain the Newton diffusion rings are similar to those describing the presentday scatterplate interferometer.
The actual interferometer in use today was invented by J. M. Burch2 as reported in a short communication that appeared in Nature in 1953.
Although components to build scatterplate interferometers are commercially available, its principles of operation are not widely understood. This paper applies Fourier optics techniques to discuss the theory as well as to provide a guide to fabrication and use of the scatterplate in the optical shop.
Qualitative Description Figure 1 illustrates the optical schematic of a scatterplate interferometer testing a concave surface at its nominal radius of curvature. The important element is the scatterplate, which is a weak diffuser that possesses a flip or inversion symmetry about a unique point.
When focused light from the pinhole passes through the scatterplate, a reference beam (unscattered or direct beam) and a test beam (scattered beam) are formed.
Since there is a double passage through the scatterplate, four types of beam amplitudes will combine to give the interferogram in the image plane: SS (scattered -scattered)--light scattered at both passages.
The fringe contours in the presence of test aberrations are given by the sum of the DS and SD light. The DD light forms the characteristic hot spot while the SS light reduces the fringe contrast by adding essentially a constant background intensity. Figure 2 shows a typical scatterplate interferogram obtained by testing a parabolic mirror.
Note the hot spot produced by the DD light and the background speckle pattern resulting from the use of coherent laser light. The first observation of fringes in scattered light was by Newton* He observed a series of colored rings centered about a small light source reflected by a back-silvered mirror whose front surface was dusted with a fine powder. As described by DeWitte, 1 the principles used to explain the Newton diffusion rings are similar to those describing the presentday scatterplate interferometer. The actual interferometer in use today was invented by J. M. Burch2 as reported in a short communication that appeared in Nature in 1953.
Although components to build scatterplate interferometers are commercially available, its principles of operation are not widely understood. This paper applies Fourier optics techniques to discuss the theory as well as to provide a guide to fabrication and use of the scatterplate in the optical shop. Figure 1 illustrates the optical schematic of a scatterplate interferometer testing a concave surface at its nominal radius of curvature. The important element is the scatterplate, which is a weak diffuser that possesses a flip or inversion symmetry about a unique point. When focused light from the pinhole passes through the scatterplate, a reference beam (unscattered or direct beam) and a test beam (scattered beam) are formed. Since there is a double passage through the scatterplate, four types of beam amplitudes will combine to give the interferogram in the image plane: DD (direct-direct) light unscattered after two passages through the scatterplate.
Qua1 i t a t ive De script ion
DS (direct-scattered) light unscattered the first passage and scattered the second passage. SD (scattered-direct) light scattered the first passage and unscattered the second passage. SS (scattered-scattered)--light scattered at both passages.
The fringe contours in the presence of test aberrations are given by the sum of the DS an4 SD light. The DD light forms the characteristic hot spot while the SS light reduces the fringe contrast by adding essentially a constant background intensity. Figure 2 shows a typical scatterplate in.terferogram obtained by testing a parabolic mirror. Note the hot spot produced by the DD light and the background speckle pattern resulting from the use of coherent laser light. Figure 3 shows one method of making scatterplates. A beam of diameter d from an argon ion laser is scattered by a ground glass onto an emulsion placed a distance D In this case the surface height variations of the ground glass are several wavelengths in optical path difference, so little or no direct light is transmitted. The speckle pattern generated by the screen is double exposed onto the emulsion with a 180°r otation between each exposure.
If the photographic plate is bleached after normal processing, the light will scatter off the phase variations in the emulsion.
If the plate is not bleached, the light scatters off silver density variations.
Since no direct beam passes through the ground glass, the exposing angle e = tan-1(d /D) in Figure 3 becomes the half angle of the scatter cone when the scatterplate is placed in the interferometer assuming the wavelength of the light used in both cases is the same.
The collimation of the entering light shown in Figure 3 is not necessary since the ground glass is such a strong scatterer.
What is important, as far as speckle size is concerned, is the area of illumination on the ground glass and the separation of the emulsion and ground glass. Kinematic mount for achieving an accurate 180° rotation.
28 / SPIE Vol. 192 Interferometry (1979) It is convenient if the other sides of the emulsion plates are machined reasonably parallel (a few thousandths of an inch per inch error).
The center of the rotator will then be the center of symmetry of the scatterplate.
After the photographic plate is bleached, a small black dot is applied by a felt tip pen in the center of the exposed portion to mark the center of symmetry.
It might be of some interest to mention a single exposure technique for fabricating scatterplates suggested by R. V. Shack of the Optical Sciences Center. Although it has not proven as successful as the double exposure method, it illustrates an interesting application of Fourier theory. The modified setup is shown in Figure 5 . The ground glass has been replaced by a random pinhole array, which is placed in focused rather than collimated light.
Since the Fourier transform intensity of any realvalue amplitude mask has flip symmetry, the emulsion can be exposed once by placing it at the focus of the incoming beam. The quality of the scatterplate is limited by the amount of defocus and spherical aberration present in the beam because any phase distribution across the pinhole mask will destroy the flip symmetry. This becomes increasingly difficult to achieve for low behind it.
In this case the surface height variations of the ground glass are several wavelengths in optical path difference, so little or no direct light is transmitted. The speckle pattern generated by the screen is double exposed onto the emulsion with a 180° rotation between each exposure.
Since no direct beam passes through the ground glass, the exposing angle 9 = tan" 1 (d/D) in Figure 3 becomes the half angle of the scatter cone when the scatterplate is placed in the interferometer assuming the wavelength of the light used in both cases is the same. The collimation of the entering light shown in Figure 3 is not necessary since the ground glass is such a strong scatterer. What is important, as far as speckle size is concerned, is the area of illumination on the ground glass and the separation of the emulsion and ground glass. It is convenient if the other sides of the emulsion plates are machined reasonably parallel (a few thousandths of an inch per inch error). The center of the rotator will then be the center of symmetry of the scatterplate. After the photographic plate is bleached, a small black dot is applied by a felt tip pen in the center of the exposed portion to mark the center of symmetry.
It might be of some interest to mention a single exposure technique for fabricating scatterplates suggested by R. V. Shack of the Optical Sciences Center. Although it has not proven as successful as the double exposure method, it illustrates an interesting application of Fourier theory. The modified setup is shown in Figure 5 . The ground glass has been replaced by a random pinhole array, which is placed in focused rather than collimated light. Since the Fourier transform intensity of any realvalue amplitude mask has flip symmetry, the emulsion can be exposed once by placing it at the focus of the incoming beam. The quality of the scatterplate is limited by the amount of defocus and spherical aberration present in the beam because any phase distribution across the pinhole mask will destroy the flip symmetry. This becomes increasingly difficult to achieve for low Good quality scatterplates were made at f /No.'s greater than about f /6, but the method was not pursued further to any great extent.
Errors That Reduce Fringe Contrast
In any interferometer, the phase errors introduced by the interferometer should be negligible compared to the test errors.
In the Twyman -Green interferometer, the reference flat, diverger, and beamsplitter should be precisionmade components (<X /10).
In the scatterplate, the flip symmetry is the "precision component." This is the feature that makes scatterplate interferometry attractive.
Once the plate is made properly (not particularly difficult in any holography lab), phase errors introduced by the auxiliary optics are of little consequence. This section concentrates on "fabricational" and "theoretical" errors introduced by the scatterplate. The two types are differentiated by errors introduced by an imprecise fabrication process as opposed to those that are imposed by theory.
Fabricational errors
These types of errors, in particular, destroy the flip symmetry of the scatterplate. Before continuing on, a short discussion of the necessity of this symmetry will be given.
A qualitative understanding of flip symmetry can be arAved at by a few results from Fourier theory.
Since the test aperture lies in the Fouri.: plane of the scatterplate, light scattered to each coordinate in the aperture corresponds to light scattered from a particular spatial frequency in the scatterplate.
If there is a phase shift, (, associated with each of these frequencies, the double passage of light through the scatterplate will impart a +4 shift, say, on the SD beam and a -4) shift on the DS beam for a total relative phase shift of
In an ordinary random scatterer, these phase shifts are distributed between -Tr and Tr.
Since strong phase variations of small spatial extent are not registered well in contour fringe patterns, contrast reduction will result.
However, if 4) assumes values of 0, ±7 only, no phase variations between the SD and DS beams are imparted by the scatterplate, and the fringe contours will have the best contrast. This is the condition for flip symmetry stated in Fourier optics language.
Each spatial frequency must have either a "peak" or "trough" of its cosine pattern located at the center of symmetry.
In the fabrication process, unequal exposures and error in the 180° rotation between exposures degrade the flip symmetry.
The expressions for the contrast in each case are stated without the lengthy derivation which is in the dotted line graph in Figure 6 . If there is a linear relationship between exposure and diffraction efficiency, then a will also be the ratio of the two exposures. In any interferometer, the phase errors introduced by the interferometer should be negligible compared to the test errors.
In the Twyman-Green interferometer, the reference flat, diverger, and beamsplitter should be precisionmade components (<X/10) .
In the scatterplate, the flip symmetry is the "precision component." This is the feature that makes scatterplate interf erometry attractive. Once the plate is made properly (not particularly difficult in any holography lab), phase errors introduced by the auxiliary optics are of little consequence. This section concentrates on "fabricational" and "theoretical" errors introduced by the scatterplate. The two types are differentiated by errors introduced by an imprecise fabrication process as opposed to those that are imposed by theory.
A qualitative understanding of flip symmetry can be ar.Xved at by a few results from Fourier theory.
Since the test aperture lies in the Fouriv r plane of the scatterplate, light scattered to each coordinate in the aperture corresponds to light scattered from a particular spatial frequency in the scatterplate.
If there is a phase shift, <j>, associated with each of these frequencies, the double passage of light through the scatterplate will impart a +<J> shift, say, on the SD beam and a -<J> shift on the DS beam for a total relative phase shift of 2<J> . In an ordinary random scatterer, these phase shifts are distributed between -TT and TT.
Since strong phase variations of small spatial extent are not registered well in contour fringe patterns, contrast reduction will result. However, if <j> assumes values of 0, ±TT only, no phase variations between the SD and DS beams are imparted by the scatterplate, and the fringe contours will have the best contrast. This is the condition for flip symmetry stated in Fourier optics language. Each spatial frequency must have either a "peak" or "trough" of its cosine pattern located at the center of symmetry.
In the fabrication process, unequal exposures and error in the 180° rotation between exposures degrade the flip symmetry. The expressions for the contrast in each case are stated without the lengthy derivation Y exposure ~ a dotation = besincl8 B/(f*X/s 0 )] where a = ratio of the diffraction efficiencies of the two exposures e E = rotational error f# = scattering //No. s 0 = scatterplate aperture radius.
Both expressions are graphed in Figures 6 and 7. . The linear dependence of the contrast with a is somewhat surprising, since unmatched scatter efficiencies might be expected to cause an equal mismatch in the DS and SD amplitudes.
In this case the contrast would have a weaker dependence on a (for values of a near 1) given by
which is in the dotted line graph in Figure 6 . If there is a linear relationship between exposure and diffraction efficiency, then a will also be the ratio of the two exposures. The contrast then will be reduced if either the laser intensity varies or the shutter speed is not constant.
Unlike unequal exposures, rotational error results in a contrast that depends on scat-
The contrast drops farther away from the hot spot as shown in Figure 8 . The contrast can also be improved by reducing the scatterplate aperture but at the cost of increased speckle size and reduced image brightness. The graph in Figure 7 shows that for a 1 -cm aperture and f /No. = 8, the contrast is good at 8E = 30 to 40 s. It is not useful to improve the parallelism of the rotator beyond this limit because other errors become dominant. 
Theoretical errors
In spite of the fact that a scatterplate might have perfect flip symmetry, other errors can degrade the performance of this interferometer, the first of which is background scatter.
As stated previously, the SS light adds a background intensity (ISS) to the fringe pattern (given by the interference of the DS and SD light).
The contrast reduction due to the presence of Iss then is
where y is the contrast reduction due to other factors.
Since the profile of scattered light is not flat, the ratio ISS /ISD is not constant across the test aperture. Figure 9 shows some measured values of this ratio for various scatterplate diffraction efficiencies. In the lab ISS /ISD is measured by first placing a small piece of black tape over the hot spot on a mirror. This prevents the return of ISS and IDS.
If an array of detectors is placed in the image plane, what is seen on the scope trace is similar to that shown in Figure 10 .
The only intensity returning to the image plane at the small obscuration is ISS.
By placing another small obscuration at other points on the mirror, ISS /ISD can be measured at points other than at the hot spot. This ratio becomes large near the edge of the scatter cone of light since ISD becomes very small.
Over -filling the test aperture with scattered light not only produces a more even illumination but also better fringe contrast over the entire aperture. The tradeoff here is reduced image brightness. The contrast then will be reduced if either the laser intensity varies or the shutter speed is not constant.
Unlike unequal exposures, rotational error results in a contrast that depends on scattering //No. The contrast drops farther away from the hot spot as shown in Figure 8 . The contrast can also be improved by reducing the scatterplate aperture but at the cost of increased speckle size and reduced image brightness. The graph in Figure 7 shows that for a 1-cm aperture and //No. = 8, the contrast is good at BE = 30 to 40 s.
It is not useful to improve the parallelism of the rotator beyond this limit because other errors become dominant.
As stated previously, the SS light adds a background intensity (Iss) to the fringe pattern (given by the interference of the DS and SD light). The contrast reduction due to the presence of I53 then is where y i s the contrast reduction due to other factors. Since the profile of scattered light is not flat, the ratio ISS/ISD is not constant across the test aperture. Figure 9 shows some measured values of this ratio for various scatterplate diffraction efficiencies. In the lab ISS/ I SD is measured by first placing a small piece of black tape over the hot spot on a mirror. This prevents the return of I ss and IDS-If an array of detectors is placed in the image plane, what is seen on the scope trace is similar to that shown in Figure 10 . The only intensity returning to the image plane at the small obscuration is Iss-BY placing another small obscuration at other points on the mirror, Iss/^SD can be measured at points other than at the hot spot. This ratio becomes large near the edge of the scatter cone of light since ISD becomes very small. Over-filling the test aperture with scattered light not only produces a more even illumination but also better fringe contrast over the entire aperture. The tradeoff here is reduced image brightness. Unfortunately, a flat scatter profile cannot be obtained by the setup shown in Figure 3 . In low f /No. test systems it is sometimes advantageous to apodize the ground glass aperture while exposing the emulsion to enhance the higher spatial frequencies of the speckle pattern.
However, at the same time, the low spatial frequencies are also enhanced and can result in a "burnout" of the fringes near the hot spot if too much apodization is done.
The previous discussion assumes isoplanatism; that is, each pair of symmetrical points on the scatterplate produces an identical fringe pattern in the image plane.
However, depending on the system under test, the various scatterpoints can have a distribution of phase shifts associated with them due to different off -axis path lengths between the scattered and direct rays from each point. In this case, fringe contrast reduction and fringe bending result from a superposition of phase -shifted fringe patterns.
Non -isoplanatism is apparent to an observer when viewing fringes of a fast f /No. system under test. As one moves his eye over a small area behind the scatterplate, the fringes will appear to bend.
The eye, usually constricted to a small area, is essentially viewing the fringe pattern produced by a single pair of symmetrical scatterpoints. A camera lens, if large enough in aperture, captures all the scattered light and superimposes all these phase -shifted images.
In testing single surface optics, the first off -axis aberrations to be considered are third order astigmatism and field curvature given by The phase term whose lowest order dependence on the aperture is quadratic has a maximum value of about x/8 in the range considered here. The contrast is reasonably good at a0 = lx. For example, an f /2, 10 -in. radius mirror would have reasonable contrast with the scatterplate aperture opened up to 7 mm in diameter. Unfortunately, a flat scatter profile cannot be obtained by the setup shown in Figure 3 . In low //No. test systems it is sometimes advantageous to apodize the ground glass aperture while exposing the emulsion to enhance the higher spatial frequencies of the speckle pattern. However, at the same time, the low spatial frequencies are also enhanced and can result in a "burnout" of the fringes near the hot spot if too much apodization is done.
The previous discussion assumes isoplanatism; that is, each pair of symmetrical points on the scatterplate produces an identical fringe pattern in the image plane. However, depending on the system under test, the various scatterpoints can have a distribution of phase shifts associated with them due to different off'-axis path lengths between the scattered and direct rays from each point.
In this case, fringe contrast reduction and fringe bending result from a superposition of phase-shifted fringe patterns.
Non-isoplanatism is apparent to an observer when viewing fringes of a fast //No. system under test. As one moves his eye over a small area behind the scatterplate, the fringes will appear to bend. The eye, usually constricted to a small area, is essentially viewing the fringe pattern produced by a single pair of symmetrical scatterpoints. A camera lens, if large enough in aperture, captures all the scattered light and superimposes all these phase-shifted images.
In testing single surface optics, the first off^-axis aberrations to be considered are third order astigmatism and field curvature given by where a 0 is expressed in units of wavelengths X p = mirror zone radius R = nominal radius of curvature of the mirror s 0 = scatterplate aperture radius. Figure 11 is a graph of the contrast and phase as a function of a 0 . The phase term whose lowest order dependence on the aperture is quadratic has a maximum value of about X/8 in the range considered here. The contrast is reasonably good at a 0 = IX. For example, an //2, 10-in. radius mirror would have reasonable contrast with the scatterplate aperture opened up to 7 mm in diameter. As in rotational error, the contrast will decrease farther away from the hot spot. The contrast can also be improved by reducing the scatterplate aperture with the same tradeoffs in speckle size and image brightness.
Quality of interferometer optics
The reference beam should "see" as little aberration from the test optics as possible. By defocusing the projection lens, one can observe the effects that an enlarged hot spot has on performance. The contrast begins to noticeably degrade as the diameter on the test aperture approaches the fringe spacing across it. Aberrations in the projection lens and deviations in flatness of the beamsplitter can also increase the hot spot size, but for most systems these errors would have to be extremely large.
Beamsplitters and doublets with a few wavelengths of error that can be purchased as off -the -shelf items are adequate for use in a scatterplate interferometer.
The reference and test beams in any test system do not travel along the exact same paths after the second passage through the scatterplate. With the presence of test aberration, they are slightly displaced. Care, then, should be taken to minimize any relative phase shifts that might occur between these two beams from poorly made beamsplitter and imaging lenses.
The same considerations apply to a Twyman -Green interferometer. Large amounts of aberration in an imaging lens can bend otherwise straight fringes.
In a scatterplate, the effects of defocus in the imaging lens are significant. As the imaging lens is moved out of focus, the higher frequency portions of the fringe pattern are washed out first since they correspond to larger separations in the test and reference beams.
It is interesting to note that with further amounts of image lens defocus, there appears a contrast reversal of the fringe suggesting a besinc --type dropoff in contrast with illumination.
Another way of stating this in terms of interferometey is that the fringes in a scatterplate interferometer are localized in the plane of the hot spot focus. Some strange effects can be observed when both the projection and image lens are misfocused, especially when testing aspherics.
Problems presented by the test system Very low or very high f /No. systems can present special problems that usually can be overcome.
For very low f /No.'s there are problems of scatter profile and non -isoplanatism contributing to contrast reduction as explained before. Usually it is best to accept contrast reduction rather than stopping down the projection lens. The increase in speckle size is more annoying especially in automatic fringe scanning systems. Very large f /No. ratios present a different problem. Figure 12a shows that too bright a hot spot can wash out a significant portion of the fringe pattern.
By increasing the scatter efficiency 60 As in rotational error, the contrast will decrease farther away from the hot spot. The contrast can also be improved by reducing the scatterplate aperture with the same tradeoffs in speckle size and image brightness.
The reference beam should "see" as little aberration from the test optics as possible. By defocusing the projection lens, one can observe the effects that an enlarged hot spot has on performance. The contrast begins to noticeably degrade as the diameter on the test aperture approaches the fringe spacing across it. Aberrations in the projection lens and deviations in flatness of the beamsplitter can also increase the hot spot size, but for most systems these errors would have to be extremely large. Beamsplitters and doublets with a few wavelengths of error that can be purchased as off-the-shelf items are adequate for use in a scatterplate interferometer.
The reference and test beams in any test system do not travel along the exact same paths after the second passage through the scatterplate. With the presence of test aberration, they are slightly displaced. Care, then, should be taken to minimize any relative phase shifts that might occur between these two beams from poorly made beamsplitter and imaging lenses. The same considerations apply to a Twyman-Green interferometer. Large amounts of aberration in an imaging lens can bend otherwise straight fringes.
In a scatterplate, the effects of defocus in the imaging lens are significant. As the imaging lens is moved out of focus, the higher frequency portions of the fringe pattern are washed out first since they correspond to larger separations in the test and reference beams. It is interesting to note that with further amounts of image lens defocus, there appears a contrast reversal of the fringe suggesting a besinc~type dropoff in contrast with illumination.
Another way of stating this in terms of interferometry is that the fringes in a scatterplate interferometer are localized in the plane of the hot spot focus.
Some strange effects can be observed when both the projection and image lens are misfocused, especially when testing aspherics.
Problems presented by the test system Very low or very high //No. systems can present special problems that usually can be overcome. For very low //No.'s there are problems of scatter profile and non-isoplanatism contributing to contrast reduction as explained before. Usually it is best to accept contrast Reduction rather than stopping down the projection lens. The increase in speckle size is more annoying especially in automatic fringe scanning systems. Very large //No. ratios present a different problem. Figure 12a shows that too bright a hot spot can wash out a significant portion of the fringe pattern. By increasing the scatter efficiency 60 to 70 %, this problem is alleviated as shown in Figure 12b .
The reduction in fringe contrast again is tolerated as a tradeoff for a dimmer hot spot. a Figure 12 .
Interferograms of a large f /No. mirror with scatterplates of (a) low diffraction efficiency and (b) high diffraction efficiency.
Up to now, only single surface test configurations have been cons surface systems are tested, care should be taken to minimize the hot any surface. For a single lens shown in autocollimation with a flat projections lens should be focused on the flat.
In this way the size of the hot spot through the lens is smallest for both passages. Obviously, the closer the flat is to the lens, the smaller this hot spot is.
With a parabola in a null configuration, the flat and the mirror have to be separated so that a certain amount of contrast reduction is inevitable.
Since the null configuration for the parabola is encountered often, a few words on its alignment are appropriate. Fringes in a scatterplate interferometer can be viewed easily by first superimposing the two blurred hot spots on the parabola (the forward and return passages of the reference beam).
This assumes one has placed the flat, parabola, and scatterplate at roughly the right spacings between each other and heights off the test bench. Trouble often arises when trying to remove the off -axis aberrations present (usually third order coma).
In the Twyman -Green interferometer, the star image is of some advantage here. By moving the star image in the direction of the "tail" of the coma pattern with the movements on the interferometer and "bringing it back" by tilt adjustments on the flat, most of the asymmetry in the star pattern can be removed.
The scatterplate has only an interferogram from which to read and make adjustments. By removing all the tilt and defocus in the interferogram, the direction of movement is reduced to one of two ways as shown in Figure 14 . Should the parabola be uncoated, an additional problem arises. The backscatter from the plate is now much brighter than the signal returning from the test system. Tilting the scatterplate with respect to the incoming beam from the projection lens can relieve this problem somewhat. A better solution is achieved by rotating the signal polarization 90° with respect to the backscatter polarization.
The standard technique is to place a 1 /4x plate immediately after the scatterplate and a polarizer near the image lens.
If the laser is polarized, proper orientation of the 1 /4x plate and the polarizer removes the backscatter. The 1 /4x plate has to be tilted slightly to prevent its specular reflection from reaching the image plane. For those with thin film facilities available, antireflection coatings can be applied to both sides of the scatterplate. The author has Up to now, only single surface test configurations have been considered. When multiple surface systems are tested, care should be taken to minimize the hot spot diameter through any surface. For a single lens shown in autoco11inflation with a flat in Figure 13 , the projections lens should be focused on the flat.
In this way the size of the hot spot through the lens is smallest for both passages. Obviously, the closer the flat is to the lens, the smaller this hot spot is. With a parabola in a null configuration, the flat and the mirror have to be separated so that a certain amount of contrast reduction is inevitable.
Since the null configuration for the parabola is encountered often, a few words on its alignment are appropriate. Fringes in a scatterpiate interferometer can be viewed easily by first superimposing the two blurred hot spots on the parabola (the forward and return passages of the reference beam). This assumes one has placed the flat, parabola, and scatterplate at roughly the right spacings between each other and heights off the test bench. Trouble often arises when trying to remove the off-axis aberrations present (usually third order coma).
In the Twyman-Green interferometer, the star image is of some advantage here. By moving the star image in the direction of the "tail" of the coma pattern with the movements on the interferometer and "bringing it back 11 by tilt adjustments on the flat, most of the asymmetry in the star pattern can be removed. The scatterplate has only an interferogram from which to read and make adjustments. By removing all the tilt and defocus in the interferogram, the direction of movement is reduced to one of two ways as shown in Figure 14 .
Should the parabola be uncoated, an additional problem arises. The backscatter from the plate is now much brighter than the signal returning from the test system. Tilting the scatterplate with respect to the incoming beam from the projection lens can relieve this problem somewhat. A better solution is achieved by rotating the signal polarization 90° with respect to the backscatter polarization. The standard technique is to place a 1/4A plate immediately after the scatterplate and a polarizer near the image lens. If the laser is polarized, proper orientation of the I/4A plate and the polarizer removes the backscatter. The I/4A plate has to be tilted slightly to prevent its specular reflection from reaching the image plane. For those with thin film facilities available, antireflection coatings can be applied to both sides of the scatterplate. The author has never tried coating multilayer stacks on film emulsion, but he is aware that it has been done successfully on some scatterplates made at Perkin -Elmer a few years ago.
Since the scatterplate is an equal path interferometer, doesn't the use of white light eliminate the background speckle?
Answer:
(a)
I have been able to test an f/2 8 -in. radius of curvature sphere without too much trouble.
As mentioned in the paper, the two major limitations of a scatterplate in testing low f /No. systems are uneven illumination of the test aperture and non -isoplanatism.
There are fabrication schemes other than the one depicted in Figure 3 that can help alleviate the uneven illumination. However, non -isoplanatism is a problem that we must live with. (b) It is true that white light sources eliminate the background speckle.
However, it is important to realize the limitations of its use in a scatterplate.
In order to have reasonable brightness in the interferogram, the "pinhole" in Figure 1 has now become an extended source.
The resulting fringe pattern in the image plane becomes a superposition of fringe patterns due to each point in the source. The speckle is eliminated since this is an intensity superposition of phase -shifted speckle patterns. Increasing the source size further will eventually reduce the fringe contrast. The point is that the mechanism for elimination of speckle is the same for reduction of the fringe contrast. As the source size is increased, the higher spatial frequency structure becomes washed out first.
Alignment becomes a little more difficult because the very fine fringes (when large amounts of tilt are present) seen during rough alignment with a laser source are not seen as well with an extended source.
As a rule of thumb, the fringe spacing has to be larger than the size of the imaged source in the image plane in order for good contrast to result.
The spectral distribution of the source can also reduce fringe contrast.
In this case the resulting fringe pattern is a superposition of fringe patterns of a different spatial frequency so that the range of OPD measurable with a white light source in a scatterplate is limited by the source's spectral distribution. Unlike the previous case where the contrast in the high spatial frequency regions of the fringe pattern is reduced first, the spectral distribution in the source causes the fringe contrast to drop the farther out it is from the hot spot.
34 / SPIE Vol. 192 Interferometry (1979) RUBIN never tried coating multilayer stacks on film emulsion, but he is aware that it has been done successfully on some scatterplates made at Perkin-Elmer a few years ago.
